(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(id EP 1 411 523 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

21.04.2004 Bulletin 2004/17 

(21) Application number: 03013044.7 

(22) Date of filing: 10.06.2003 



(51) Intel/: G11B 33/12, G06F 1/26, 
G06F 11/16 



(84) Designated Contracting States: 


• Matsushige, Hiromi, Hitachi Ltd 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Intel. Prop. Group 


HU IE IT LI LU MC NL PT RO SE SI SK TR 


Chiyoda-ku, Tokyo 100-8220 (JP) 


Designated Extension States: 


• Ogawa, Masato, Hitachi, Ltd, 


AL LT LV MK 


Intellec. Prop. Group 


(30) Priority: 03.10.2002 JP 2002290739 


Chiyoda-ku, Tokyo 100-8220 (JP) 


• Yokoyama, Tomokazu, Hitachi Ltd 




Intel. Prop. Group 


(71) Applicant: Hitachi, Ltd. 


Chiyoda-ku, Tokyo 100-8220 (JP) 


Chiyoda-ku, Tokyo 101-8010 (JP) 






(74) Representative: Strehl Schubel-Hopf & Partner 


(72) Inventors: 


Maximilianstrasse 54 


• Suzuki, Hiroshi, Hitachi, Ltd, Intell. Prop. Group 


80538 Munchen (DE) 


Chiyoda-ku, Tokyo 100-8220 (JP) 



(54) Disk array device and method of supplying power thereto 



(57) A disk array device and a method of supplying 
power to a disk array device to which power is supplied 
by at least two AC inputs are provided. Where at least 
two AC/DC power-supply groups are provided in corre- 
spondence with each of the AC inputs and each AC/DC 
power-supply group includes at least two AC/DC power 



supplies that are connected to the AC input correspond- 
ing to that group, outputs from the AC/DC power sup- 
plies are summed separately for each group to obtain 
group total outputs for each group, and the group total 
outputs are input to each of a plurality of loads in the 
disk array device to provide power to each of the loads. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a disk array 
device and a method of supplying power to a disk array 
device. 

Background Art 

[0002] An apparatus is known in which its storage ca- 
pacity can be increased by adding devices mounted with 
disk drives (hereinafter referred to as HDDs). An exam- 
ple of such an apparatus may be a so-called rackmount- 
type disk array device (or storage device). To the appa- 
ratus' rackmount or each of the apparatus' housings are 
mounted HDD housings. Such an HDD housing may 
comprise one basic housing as well as other additional 
housings added as needed. As shown in FIG. 14, each 
housing contains a plurality of HDDs, an array controller 
for providing HDD control (hereinafter referred to simply 
as a "controller"), and various peripheral circuits such 
as an AC/DC power supply. Such a storage device is 
disclosed in Japanese Publication No. JP-7-508112-T 
of International Application No. PCT/US93/04444. 
[0003] The AC/DC power supply receives AC power 
(AC input) from the outside, converts it into a direct cur- 
rent (DC), and supplies power to all HDDs and periph- 
eral circuits in the housing. An AC/DC conversion circuit 
may be mounted on a power supply circuit board in a 
power supply housing as the AC/DC power supply. 
[0004] Each AC power inputs (AC input 1 and AC in- 
put 2) has its own AC/DC power supply, establishing a 
duplex AC/DC power supply system. The DC output of 
each AC/DC power supply is supplied via a power sup- 
ply line on a motherboard to all HDDs and peripheral 
circuits, such as an interface control circuit for control- 
ling the interface with the controller. 
[0005] A backup battery section is also furnished as 
an uninterruptible power supply (UPS) to provide for any 
power supply failure. The battery section may be, for ex- 
ample, a secondary battery that stores electrical power 
and permits discharge. The DC output of the battery 
section is coupled, by means of ORing, to the DC out- 
puts of the AC/DC power supplies via power supply lines 
on the motherboard. While a normal operation is being 
conducted with no power supply failure encountered, 
the battery section becomes fully charged by the AC/DC 
power supplies and remains on standby. If a power sup- 
ply failure occurs, the battery section is discharged to 
supply power in place of the AC/DC power supplies. 
[0006] To provide scalability so as to handle mounted 
HDDs that tend to increase in number, the above disk 
array devices make it possible to increase the number 
of HDDs mounted within a housing. In line with the pro- 
vision of such scalability, it is also demanded that the 



power supply system be improved. 
[0007] Various troubles caused by a power supply fail- 
ure will now be described. If a power supply line is short- 
ed to ground on the motherboard, all the HDDs and the 
5 interface control circuit mounted within a housing be- 
come inoperative due to the resulting voltage drop. In 
other words, the entire contents of the housing are ad- 
versely affected by the power supply failure. In addition, 
the power supply failure also adversely affects an inter- 
face control circuit that is mounted within another hous- 
ing and connected to the interface control circuit that has 
failed. As the influence of the power supply failure is en- 
larged in this manner, an enormous amount of time and 
labor will be required to achieve recovery. 
[0008] If a power supply failure occurs on the mother- 
board, all the HDDs mounted on the motherboard are 
rendered inaccessible. As a result, the data stored ac- 
cording to RAID (Redundant Array of Inexpensive 
Disks) is partly lost. After the motherboard is recovered, 
it is therefore necessary to recover the lost data from 
the remaining data and write it back to a HDD that has 
been recovered. The time required for such a write op- 
eration increases with an increase in the HDD storage 
capacity. If another failure occurs in another HDD or the 
motherboard before the lengthy recovery procedure is 
completed, data recovery will no longer be achievable. 
To minimize the possibility of the occurrence of this sit- 
uation, it is necessary to use high-reliability, expensive 
parts with a view toward decreasing the failure rate of 
HDDs, motherboard, and other relevant components. 
[0009] Even if a power supply failure occurs in a HDD, 
controller,^ other component on the motherboard, it af- 
fects the motherboard and lowers the supply voltage. 
As a result, all the HDDs mounted on the motherboard 
become inoperative. 

[0010] A problem caused by an increase in the 
number of HDDs on a motherboard will now be de- 
scribed. When the mounted HDDs increase in number, 
their load current increases, voltage noise then increas- 
es due to the fluctuation of the increased load current. 
As a result, voltage stability cannot be maintained. 
[0011] Further, the increase in number of HDDs may 
cause a voltage drop due to power supply failure or 
noise increase within a conductive pattern on the moth- 
erboard, which supplies power to the HDDs. To avoid 
such a trouble, it is necessary to ensure that the con- 
ductive pattern thickness and width are adequate. How- 
ever, this requires the motherboard to be increased in 
the number of conductive pattern layers. As a result, the 
motherboard thickness increases, thereby raising the 
motherboard price. 

[0012] A problem caused by HDD hot-plugging/hot- 
unplugging will now be described. If a HDD is hot- 
plugged to a live power supply line on the motherboard, 
an inrush current to the HDD arises. The power supply 
line voltage becomes unstable due to the inrush current 
so that the stability of the voltage supply to the activated 
HDD cannot be maintained. To avoid this trouble, it is 
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necessary to add a new circuit for inhibiting the inrush 
current that may arise upon HDD hot-plugging. 
[0013] The balance between two AC inputs for a du- 
plex AC power supply will now be described. If the power 
consumption varies in accordance with the operation 
states of the installed HDDs, unbalance results because 
the two AC inputs cannot be equally divided. 
[0014] A power supply failure that may occur during 
destaging will now be described. If the AC input to disk 
array devices is lost due, for instance, to a power failure, 
the battery section will supply power so that the data 
stored in the controller's cache can be written into each 
HDD. However, the battery section must supply power 
to all HDDs and cannot limit the power supply destina- 
tion to a HDD that is about to store data. More specifi- 
cally, power supply control cannot be exercised on an 
individual HDD basis so that, until destaging is finished, 
the battery section is forced to supply power to all HDDs 
including the ones that do not have to operate. As a re- 
sult, the capacity of the battery section needs to be in- 
creased. Such a capacity increase causes an increase 
in size, weight, and price. 

[0015] Meanwhile, an FET, relay, or other switching 
device can be mounted in the power supply path to each 
HDD to enable the battery section to selectively supply 
power to a specific HDD. Such a switching device can 
be turned OFF to shut off the power supply to a HDD 
that does not have to operate. The use of this method 
makes it possible to minimize the power consumption 
and avoid increase in the capacity of the battery section. 
However, while a normal operation is conducted with no 
failure encountered, that is, while the HDDs receive 
power supply from an AC power supply and operate nor- 
mally, a voltage drop or noise generation may occur due 
to the on-resistance of an FET or other switching devic- 
es in the power supply path. Therefore, a switching de- 
vice should not be mounted in the power supply path 
leading to each HDD. 

[0016] No matter what the HDD storage capacity is, it 
is also necessary to furnish an AC power supply and 
battery section that are capable of supplying power ad- 
equate for the maximum number of HDDs that can be 
mounted within a housing. Therefore, if an unexpectedly 
small number of HDDs are mounted, not only does the 
power efficiency deteriorate, but also the size and price 
of a disk array device increase due to the use of an un- 
necessarily large AC power supply and battery section. 

SUMMARY OF THE INVENTION 

[001 7] It is therefore an object of the present invention 
to enhance the reliability of a disk array device. 
[0018] According to one aspect of the present inven- 
tion, a disk array device and method of supplying power 
to a disk array device are provided. 
[0019] In a disk array device to which power is sup- 
plied by at least two AC inputs or in a method of supply- 
ing power to such a disk array device, where at least 



two AC/DC power-supply groups are provided in corre- 
spondence with each of the AC inputs and each AC/DC 
power-supply group includes at least two AC/DC power 
supplies that are connected to the AC input correspond- 

5 ing to that group, outputs from the AC/DC power sup- 
plies are summed separately for each group to obtain 
group total outputs for each group, and the group total 
outputs are input to each of a plurality of loads in the 
disk array device to provide power to each of the loads. 

w [0020] Features and objects of the present invention 
other than the above will become clear by reading the 
description of the present specification with reference to 
the accompanying drawings. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] For more complete understanding of the 
present invention and the advantages thereof, refer- 
ence is now made to the following description taken in 
20 conjunction with the accompanying drawings wherein: 

FIG. 1 is a block diagram illustrating one embodi- 
ment of the present invention; 
FIG. 2 is a block diagram that illustrates the event 

25 of shorting to ground on a motherboard according 
to one embodiment of the present invention; 
FIG. 3 is a block diagram that illustrates how one 
embodiment of the present invention confines an 
encountered failure within an error correction 

30 group; 

FIG. 4 is a block diagram that illustrates how one 
embodiment of the present invention reduces the 
current flow and voltage drop in a power feed path; 
FIG. 5 is a block diagram that illustrates how one 

35 embodiment of the present invention hot-plugs a 
HDD housing; 

FIG. 6 is a block diagram that exemplifies a connec- 
tion for equal power distribution according to one 
embodiment of the present invention; 
40 FIG. 7 is a block diagram illustrating control that is 
exercised individually by the output operations of 
DC-DC converters according to one embodiment of 
the present invention; 

FIG. 8 is a block diagram that illustrates how one 
45 embodiment of the present invention saves data on 
a spare disk; 

FIG. 9 is a block diagram that illustrates how one 
embodiment of the present invention copies a data 
backup to a disk array device; 

50 FIG. 10 is a block diagram illustrating a case where 
a disk array device according to one embodiment 
of the present invention is used for virtualization; 
FIG. 11 is a block diagram illustrating a modified 
version of one embodiment of the present invention; 

55 FIG. 12 is a block diagram illustrating another em- 
bodiment of the present invention; 
FIG. 13 is a block diagram illustrating a modified 
version of another embodiment of the present in- 
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vention; and 

FIG. 14 is a block diagram illustrating a power sup- 
ply scheme for a conventional disk array device. 

DETAILED DESCRIPTION OF THE INVENTION 

==Brief Outline of the lnvention== 

[0022] At least the following features and advantages 
of the present invention will become more fully under- 
stood from the detailed description and from the accom- 
panying drawings. 

[0023] Each of the loads may be provided with a reg- 
ulated DC power supply for generating a supply voltage 
from the group total outputs. 

[0024] The regulated DC power supply may be a 
DC-DC converter. 

[0025] The load may be a disk drive, and a housing 
containing the disk drive may include the regulated DC 
power supply. 

[0026] The output voltage of the AC/DC power supply 
may be higher than an output voltage of the regulated 
DC power supply. 

[0027] Each of the group total outputs may be made 
of a first group total output and a second group total out- 
put; each DC stabilized power supply of each of the 
loads may have a first backflow prevention device hav- 
ing a first turn-on voltage and a second backflow pre- 
vention device having a second turn-on voltage that is 
higher than the first turn-on voltage; one end of the first 
backflow prevention device and one end of the second 
backflow prevention device in each DC stabilized power 
supply may be connected to each other, and a number 
of DC stabilized power supplies in which another end of 
the first backflow prevention device is connected to the 
first group total output and a number of DC stabilized 
power supplies in which another end of the first backflow 
prevention device is connected to the second group total 
output may substantially be the same. 
[0028] The number of DC stabilized power supplies 
being the same means that the same number or approx- 
imately the same number of regulated DC power sup- 
plies exist while the above-mentioned first and second 
group total outputs to be supplied to the regulated DC 
power supplies are equally distributed. Equal distribu- 
tion means that the AC input that is the power source 
for the first group total output and the AC input that is a 
power source for the second group total output are 
equally distributed. 

[0029] The regulated DC power supply may output 
the supply voltage to the loads in accordance with a con- 
trol signal that is input to the regulated DC power supply. 
[0030] A power supply control circuit for generating a 
control signal may be provided, wherein, when a write 
process is performed to write data stored in a memory 
onto the disk drive in response to a write instruction re- 
ceived from an external host device, the power supply 
control circuit outputs a control signal to stop the oper- 



ation of the regulated DC power supply that is provided 
for outputting the supply voltage to the disk drive for 
which the write process has been finished. 
[0031] According to another aspect of the present in- 

5 vention, a disk array device to which power is supplied 
by an AC input, comprises: at least two AC/DC power 
supplies that are connected to the AC input, wherein 
outputs of each of the AC/DC power supplies are con- 
nected to provide a total output; and a battery section to 

10 which the total output is provided as an input thereof, 
wherein the total output and an output of the battery sec- 
tion are input to each of a plurality of loads in the disk 
array device to provide power to each of the loads. 
[0032] A method of supplying power to a disk array 

15 device to which power is supplied by an AC input is also 
provided. 

==Embodiments== 

20 [0033] One embodiment of a disk array device, which 
permits an increase/decrease in the storage capacity 
and incorporates HDDs, will now be described. When a 
rackmount-type is used as an example of a device in 
which HDDs are mounted, a plurality of longitudinal 

25 mount frames are formed on the right- and left-hand in- 
ner surfaces of a rack frame and arranged in the vertical 
direction. A drawer-type basic housing and additional 
housings are mounted along the mount frames. The 
present invention is also applicable to various devices 

30 in which HDDs are mounted, even if they are not of the 
rackmount-type. It should be noted that the "disk array 
device" may be the DKU device (disk drive device) 1 000, 
the HDU housing 2000, or the disk subsystem, which 
are shown in the drawings. 

35 [0034] As shown in the block diagram of FIG. 1, the 
housings (HDD housings) 100 contain various boards 
and units. These boards and units are mounted on a 
motherboard and offer various functions of the disk ar- 
ray device. A plurality of HDD housings 200, which con- 

40 tain HDDs 210, are mounted to the motherboard and 
arranged on the front upper stage of the above housings 
100. Two series of AC inputs are provided for the disk 
array device. In each housing 100, n units of AC/DC 
power supplies (1-1 to 1-n) 300a and n units of AC/DC 

45 power supplies (2-1 to 2-n) 300b are connected, in par- 
allel, to each of the two AC inputs, respectively. These 
AC/DC power supplies 300a, 300b act as a power 
source, which supplies power to the loads such as the 
HDDs and various boards. A known power supply de- 

50 scribed in a publication (e.g., Transistor Gijutsu Special 
No. 28, 2nd Edition, Page 7, Figure 1, CQ Publishing 
Co., Ltd.; Issued on January 20, 1993) is employed as 
AC/DC power supplies 300a and 300b. A battery section 
400 is mounted in each housing 100 to act as a UPS or 

55 backup power supply when the power supply from AC/ 
DC power supplies 300a and 300b is shut off due, for 
instance, to a power failure. The battery section 400 
consists of a secondary battery such as a lead battery. 
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As the battery section, various alternative means can 
be used in place of a secondary battery as far as it is an 
auxiliary power supply means that functions as a UPS. 
[0035] A controller for exercising overall control of the 
disk array device consists of a circuit board on which 
electronic components are mounted to implement its 
control functions. The mounted electronic components 
may include the following: a microprocessor; peripheral 
circuits such as a cache for storing the data to be written 
onto or read from a HDD 210, a RAM, and a ROM for 
storing a program that implements predetermined func- 
tions; and dedicated circuits and chips for implementing 
various functions. The functions of the controller may 
include: monitoring the states of the HDDs 210; exercis- 
ing operational control (e.g., control according to RAID); 
and communication interfacing with a host computer. 
[0036] When a main switch turns OFF or a power sup- 
ply system fails, the controller performs a destaging 
process to write unwritten data remaining in the cache 
onto a HDD 210. 

[0037] In addition, the motherboard carries interface 
control circuits 500A, 500B for communication interfac- 
ing with other HDDs 210, and a power supply control 
logic section (power supply control circuit) 600 for con- 
trolling the power supply system. The power supply con- 
trol logic section 600 consists of a logic circuit. 
[0038] Using DC power supply lines A and B, the out- 
puts of the AC/DC power supplies 300a and 300b are 
consolidated (summed) separately into "group total out- 
puts" for each of the two groups of AC inputs. More spe- 
cifically, the outputs of n units of the AC/DC power sup- 
plies 300a are summed up into a first group total output 
(first total line output) for the first AC input using DC pow- 
er supply line A, and the outputs of n units of the AC/DC 
power supplies 300b are summed up into a second 
group total output (second total line output) for the sec- 
ond AC input using DC power supply line B. The first 
and second total outputs supplied from these two DC 
power supply lines A and B (e.g., supply voltages of 30 
V or 24 V) are ORed (wired-or, OR-circuit) via the moth- 
erboard, and entered in parallel to all loads in the disk 
array device as operation power. The loads may be pow- 
er-consuming components such as the HDD housings 
200 and controllers, including the interface control cir- 
cuits 500A and 500B. 

[0039] Each HDD housing 200 contains a step-down 
DC-DC converter 220 as a regulated DC power supply, 
which receives the first and second total outputs sup- 
plied from DC power supply lines A and B and supplies 
a predetermined supply voltage (e.g., 1 2 V or 5 V) to the 
HDD 210. In place of a step-down DC-DC converter, a 
well-known regulator may be used as the regulated DC 
power supply. For example, various power supplies, 
such as the power supply described in a publication 
(Transistor Gijutsu Special No. 28, 2nd Edition, Page 4, 
Figures 4, 5, and 6, CQ Publishing Co., Ltd.; Issued on 
January 20, 1993) may be used as the regulated DC 
power supply. When a step-down DC-DC converter is 



used as the regulated DC power supply, the AC/DC 
power supply's output voltage can be set higher than 
the regulated DC power supply's output voltage. The in- 
terface control circuits 500A and 500B also have a 
5 DC-DC converter (marked "DC/DC" in FIG. 1 ) as a reg- 
ulated DC power supply in order to supply a predeter- 
mined supply voltage using the first and second total 
outputs supplied from DC power supply lines A and B 
as an input. 

w [0040] In a DC-DC converter 220 in each HDD hous- 
ing 200, a backflow prevention diode mounted on an up- 
per stage in FIG. 1 (hereinafter referred to as the upper 
backflow prevention diode) and a backflow prevention 
diode mounted on a lower stage in FIG. 1 (hereinafter 

15 referred to as the lower backflow prevention diode) are 
interconnected by connecting their cathodes. The lower 
backflow prevention diode comprises a pair of backflow 
prevention diodes, which are connected in a series con- 
nection in forward direction. The cathode of the upper 

20 backflow prevention diode and the cathode of the lower 
backflow prevention diode are ORed (wired-or, OR-cir- 
cuit) and connect to a constant voltage circuit section 
220a in the DC-DC converter 220. In the present em- 
bodiment, the two backflow prevention diodes compos- 

25 ing the lower backflow prevention diode and the single 
upper backflow prevention diode are the same electron- 
ic components having the same on-resistance (ON volt- 
age). Therefore, the on-resistance setting for the upper 
backflow prevention diode can be lower than that for the 

30 lower backflow prevention diode. To provide such an on- 
resistance setup, the lower backflow prevention diode 
may consist of a single diode having a higher on-resist- 
ance than the upper backflow prevention diode. 
[0041] As regards the odd-numbered HDDs 210 

35 shown in FIG. 1 when counting the HDDs from the top, 
its upper backflow prevention diode's anode is connect- 
ed to DC power supply line A so that the first total line 
output can be supplied to the anode, and its lower back- 
flow prevention diode's anode is connected to DC power 

40 supply line B so that the second total line output can be 
supplied to the anode. As regards the even-numbered 
HDDs 210 shown in FIG. 1, its upper backflow preven- 
tion diode's anode is connected to DC power supply line 
B so that the second total line output can be supplied to 

45 the anode, and its lower backflow prevention diode's an- 
ode is connected to DC power supply line A so that the 
first total line output can be supplied to the anode. 
[0042] In a power supply system configured as above, 
during normal operation with no power supply failure en- 

50 countered , either the first total line output or second total 
line output is supplied to each HDD 210 from the upper 
backflow prevention diode having a low on-resistance 
via the constant voltage circuit section 220a. If a power 
supply failure should arise causing the total line output 

55 from the upper backflow prevention diode having a low 
on-resistance to be lost, the total line output is delivered 
to the constant voltage circuit section 220a from the low- 
er backflow prevention diode having a high on-resist- 
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ance. 

[0043] The controller's power supply control logic sec- 
tion 600 is connected via the motherboard wiring to the 
constant voltage circuit section 220a of each DC-DC 
converter 220 and the DC-DC converter (DC/DC) of 
each interface control circuit 500A, 500B, and sends a 
control signal to those components. The constant volt- 
age circuit section 220a and DC-DC converter (DC/DC) 
start or stop operating in accordance with the control sig- 
nal. For example, after completing a process to write da- 
ta stored in the memory into a HDD 210 according to a 
write instruction received from an external host device, 
the power supply control logic section 600 outputs a 
control signal to stop the operation of the constant volt- 
age circuit section 200a, which would otherwise output 
a supply voltage to the HDD 21 0 for which the write proc- 
ess has been completed. 

[0044] A situation where a power supply failure arises 
due, for instance, to shorting to ground on the mother- 
board will now be described with reference to a block 
diagram shown in FIG. 2. If, as indicated in FIG. 2, the 
first total line output is lost as DC power supply line A is 
shorted to ground on the motherboard, the second total 
line output is supplied along DC power supply line B to 
make up for the loss. More specifically, if the shorted DC 
power supply line A is connected to the upper diode hav- 
ing a low on-resistance, when the first total line output 
is lost, the HDD 210, to which the first total line output 
had been supplied, will automatically switch to the sec- 
ond total line output supply scheme via DC power supply 
line B, which is connected to the lower diode having a 
high on-resistance. This ensures that the HDD 210 and 
other components can be accessed normally even in the 
event of shorting to ground on the motherboard. 
[0045] The HDD interface control circuits 500A and 
500B, which are loads provided on the motherboard, 
form a redundant circuit and receive operating power 
from a total line output via a DC-DC converter. There- 
fore, if, for example, any failure occurs in a HDD inter- 
face control circuit 500A, the DC-DC converter prevents 
the other components from being affected by the failure. 
Consequently, the remaining HDD interface control cir- 
cuit 500B can continue to operate normally. As a result, 
since the HDDs 210 mounted to the motherboard re- 
main accessible, no problem will arise in the disk array 
device. 

[0046] Further, as shown in the block diagram in FIG. 
3, even when a power supply failure arises due, for in- 
stance, to shorting on a certain HDD housing 200, the 
operating power provided by individual lines is supplied 
in parallel to all HDDs 210. Therefore, the failure is con- 
fined within the faulty HDD housing 200 and its error cor- 
rection group (ECC group), which is shown surrounded 
by a thick broken line in the figure. Thus, the failure does 
not affect the entire disk array device. 
[0047] As a result, the time required for data recovery 
subsequent to failure recovery will be about the same 
as the time required for recovering one HDD 210. This 



eliminates the need for using high-reliability parts that 
endure the period of data recovery for all the mounted 
HDDs 210. 

[0048] When a conventional technique is used as 
5 shown in FIG. 14, power supply noise is generated by 
all of the n units of HDDs 21 0 along a long power supply 
path between the AC/DC power supplies 300a, 300b 
and the HDDs 210. The power supply noise is generated 
by a plurality of HDDs that share the same power supply. 
This power supply noise is generated due, for instance, 
to a ripple current caused by the operating state differ- 
ences (for example, the difference in access states such 
as idle, seek, and read/write) among the HDDs, or a volt- 
age drop caused by an impedance that the power supply 
path has. 

[0049] In the present embodiment, however, a DC-DC 
converter is provided as a power supply for the loads 
such as the HDD 21 0, and the DC-DC converter is con- 
nected to the power input terminal of the loads as shown 
in the block diagram of FIG. 4. Therefore, voltage drop 
and power supply noise generation occur only in the 
power supply paths within individual HDD housings 200. 
More specifically, voltage drop and power supply noise 
generation occur within a short power supply path be- 
tween the constant voltage circuit section 220a and the 
HDD 210. As a result, the degree of voltage drop and 
power supply noise generation can be considerably re- 
duced. Further, the DC-DC converter 220 can follow up 
on load variations so as to minimize the input voltage 
change resulting from the load variations. 
[0050] Further, the output voltages of the AC/DC pow- 
er supplies 300a, 300b are set at a value greater than 
the output voltage of the DC-DC converter 220. In this 
way, the current flow and voltage drop in a power supply 
path between the AC/DC power supplies 300a, 300b 
and the DC-DC converter can be reduced as shown in 
FIG. 4. Therefore, not only can the amount of noise gen- 
eration from the power feed path be reduced, but low- 
power-consumption, small-size, inexpensive parts can 
be used for the power feed path. 
[0051] As regards hot-plugging of a HDD housing 200 
shown in FIG. 5, only after the HDD housing 200 is prop- 
erly mounted to the motherboard, a control line for pow- 
er supply instruction is connected from the power supply 
control logic section 600 to the DC-DC converter 220 to 
make the DC-DC converter 220 operate. I n this way, the 
DC-DC converter 220 will not operate until a HDD hous- 
ing 200 is properly mounted to the motherboard and the 
converter 220 receives a power supply instruction signal 
(POWER ON signal). 

[0052] When the DC-DC converter 220 starts operat- 
ing and oscillating, the output voltage linearly builds up. 
As a result, it looks as if the inrush current to a HDD 210 
is inhibited. It can therefore be said that the DC-DC con- 
verter 220 has an inrush current protection function. Fur- 
ther, since only the input current limited by the DC-DC 
converter 220 flows from the AC/DC power supplies 
300a, 300b to the DC-DC converter 220, it becomes 



15 



20 



25 



30 



35 



40 



45 



50 



11 



EP 1 411 523 A2 



12 



possible to supply stabilized voltage to the other loads 
to which the same total line output is supplied, and it is 
not necessary to furnish a dedicated circuit for inrush 
current protection. 

[0053] As regards the odd-numbered HDD 210 
shown in FIG. 6 when counting the HDDs from the top, 
the anode on the upper backflow prevention diode hav- 
ing a low on-resistance is connected to DC power supply 
line A so that the first total line output can be supplied 
to the anode, and the anode on the lower backflow pre- 
vention diode having a high on-resistance is connected 
to DC power supply line B so that the second total line 
output can be supplied to the anode. As regards the 
even-numbered HDD 210 when counting the HDDs 
from the top, the anode on the upper backflow preven- 
tion diode having a low on-resistance is connected to 
DC power supply line B so that the second total line out- 
put can be supplied to the anode, and the anode on the 
lower backflow prevention diode having a high on-re- 
sistance is connected to DC power supply line A so that 
the first total line output can be supplied to the anode. 
[0054] In other words, the number of DC-DC convert- 
ers 220 provided with the backflow prevention diode 
having a low on-resistance connected to the first total 
line output is equal to the number of DC-DC converters 
220 provided with the backflow prevention diode having 
a low on-resistance connected to the second total line 
output. The expression, "the numbers of DC-DC con- 
verters 220 are equal," has the following meaning: when 
an even number of HDDs 210 exist within the housing, 
the number can be divided by two, which is the number 
of groups (lines), and the number is the same; and, 
when an odd number of HDDs 210 exist within the hous- 
ing, the difference in the number is 1. Therefore, during 
normal operation with no power supply failure encoun- 
tered, it means that the numbers of DC-DC converters 
220 are exactly equal or substantially equal as far as the 
first total line output and the second total line output sup- 
plied to the DC-DC converters 220 are equally distrib- 
uted. The expression, "equally distributed," can also 
mean that the AC input to be the source for the first total 
line output and the AC input to be the source for the 
second total line output are equally distributed in terms 
of electricity. 

[0055] The configuration of connecting the DC power 
supply lines A and B to the upper and lower backflow 
prevention diodes to ensure that the first and second 
total line outputs supplied to the DC-DC converters 220 
are equally distributed is not limited to that of the present 
embodiment; various other designs can also be adopt- 
ed. 

[0056] As shown in FIG. 7, a controller (disk control 
section in the figure) 700 comprises a host interface con- 
trol section 710, a memory 720, and a HDD interface 
control section 730. According to a state in which data 
is being written into the HDDs 210, the controller 700 
sends, to the power supply control logic section 600 via 
the HDD interface control section 730, a signal for con- 



trolling the operation of each of the DC-DC converters 
220. In accordance with the received signal, the power 
supply control logic section 600 transmits an ON or OFF 
control signal to the constant voltage circuit sections 

5 220a of each of the DC-DC converters 220. 

[0057] As a result, the output operations of the DC-DC 
converters 220 are individually controlled so as to exer- 
cise power feed control over the HDDs 210 on an indi- 
vidual basis. In addition, stable output voltage supply 

10 can be provided by the DC-DC converters that are fur- 
nished individually for each HDD 210. Therefore, when 
each load, such as the HDD 210, does not have to be 
operated, the output of a DC-DC converter 220 can be 
shut off as appropriate with a control signal. 

15 [0058] In estimating the capacity of the battery section 
400, which acts as an auxiliary power supply, conven- 
tionally, a large capacity used to be required for assuring 
the operations of all the HDDs within the housing during, 
for instance, destaging. However, the present invention 

20 makes it possible to individually shut off the power sup- 
ply output to loads that need not operate. 
[0059] Data assurance in the event of a failure will 
now be described. When a power supply system failure 
occurred on a motherboard or the like, the failure con- 

25 ventionally affected the entire housing. It was therefore 
not possible to copy/transfer data to a spare disk. How- 
ever, in the present invention, a power monitoring sec- 
tion 210b of each HDD 210 monitors the power supply 
status and reports it to the controller (disk control 

30 section ) 700 as described earlier and as shown in FIG. 
8. In accordance with the reported power supply status, 
the controller 700 saves data or takes some other failure 
recovery action. Therefore, even if a DC-DC converter 
failure occurs, only the associated HDD will fail and all 

35 the other components remain intact. It is therefore pos- 
sible to save data on a spare disk. 
[0060] The operation will now be described in detail 
with reference to FIGS. 7 and 8. When a power supply 
failure is detected by the power monitoring section 210b 

40 of a HDD 210 ((1) in FIG. 8), means such as the total 
line output is used to supply operating power to various 
sections ((2) in FIG. 8) as described earlier. At the same 
time, the power monitoring section 210b of the HDD 210 
reports the result of monitoring to the disk control section 

45 700 ((3) in FIG. 8). If the data for the failed HDD 210 has 
already been written into the memory 720 of the disk 
control section 700 when the disk control section 70 re- 
ceives a power supply failure report from the power 
monitoring section 21 0b of the HDD 210, the disk control 

50 section 700 reads the data from the memory 720 and 
writes it on a spare disk in some other normal HDD 210 
((5) in FIG. 8). The disk control section 700 then oper- 
ates using the spare disk in the normal HDD 210 until 
the power supply failure is recovered. The other normal 

55 HDD 210 that has not failed informs the disk control sec- 
tion 700 that it is operating normally ((4) in FIG. 8). 
[0061] A situation where a disk array device (disk sub- 
system in FIG. 9) containing a faulty HDD 210 is the 
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copy destination for data backup (including remote cop- 
ying) will now be described with reference to FIG. 9. 
Conventionally, when a power supply failure occurs on 
a motherboard or the like, the request for data backup 
could not be accepted because the failure would affect 5 
the entire housing. However, according to the present 
invention, it is possible to keep the disk array device in 
a normal state as a whole because the failure in a certain 
HDD 21 0 is merely a partial failure, as described earlier. 
In the present invention, therefore, a data backup can 10 
be copied to a normally operating HDD 210. 
[0062] The operation will now be described in detail 
with reference to FIGS. 7 and 9. When a power supply 
failure is detected by the power monitoring section 210b 
of a HDD 210 ((1) in FIG. 9), means such as the total 15 
line output is used to supply operating power to various 
sections ((2) in FIG. 9) as described earlier. At the same 
time, the power monitoring section 21 0b of the HDD 21 0 
reports the result of monitoring to the disk control section 
700. In the disk array device ("disk subsystem" in the 20 
figure) 1, upon receipt of a power supply failure report 
from the power monitoring section 21 0b of the HDD 21 0, 
the disk control section 700 sends a request to a host 
device to halt data transfer and to change the destina- 
tion of data read/data write process from disk array de- 25 
vice 1 to disk array device 2 (disk subsystem 2 in the 
figure) ((3) in FIG. 9). The disk control section 700 in 
disk array device 1 confirms that disk array device 2 is 
operating normally ((4) in FIG. 9). After confirmation, the 
disk control section 700 in disk array device 1 copies the 30 
necessary data in disk array device 1 to disk array de- 
vice 2, which is operating normally ((5) in FIG. 9). The 
host device then changes the destination of the data 
read/data write process from disk array device 1 to disk 
array device 2 ((6) in FIG. 9). 35 
[0063] The block diagram in FIG. 10 shows a case 
where the present invention is used for disk array device 
virtualization. In the figure, it is assumed that a plurality 
of HDDs 210, including HDDs 210 at a remote site, are 
managed and operated as a single disk. Even when a *o 
failure occurs in a certain HDD 210 in such a situation, 
according to the present invention, it is merely a partial 
failure as described above. Therefore, it is possible to 
keep the disk array device in a normal state as a whole. 
According to the present invention, even when such a 45 
partial failure occurs, it is possible to use a normally op- 
erating HDD 210 to perform a data read/data write proc- 
ess. 

[0064] The operation will now be described in detail 
with reference to FIGS. 7 and 10. When a power supply 50 
failure is detected by the power monitoring section 21 0b 
of a HDD 210 ((1) in FIG. 10), means such as the total 
line output is used to supply operating power to various 
sections ((2) in FIG. 10) as described earlier. At the 
same time, the power monitoring section 210b of the 55 
HDD 210 reports the result of monitoring to the disk con- 
trol section 700 ((3) in FIG. 10). If the data for the failed 
HDD 210 has already been written into the memory 720 



of the disk control section 700 when the disk control sec- 
tion 70 receives a power supply failure report from the 
power monitoring section 21 0b of the HDD 210, the disk 
control section 700 reads the data from the memory 720 
and writes it on a spare disk in some other normal HDD 
210 ((5) in FIG. 10). The disk control section 700 then 
operates using the normal HDD 210 until the power sup- 
ply failure is recovered. The other normal HDDs 210 (in- 
cluding those at remote sites) that have not failed inform 
the disk control section 700 that they are operating nor- 
mally ((4) in FIG. 10). 

[0065] A modified version of the present embodiment 
will now be described with reference to FIG. 11. Al- 
though the modified version does not have the battery 
section 400, the present invention can be implemented 
because a duplex AC input is provided in a redundant 
manner as a power supply system. Either one of the two 
AC inputs performs the auxiliary power supply function 
of the battery section 400. 

[0066] Another embodiment of the present invention 
will now be described with reference to FIG. 12. In this 
embodiment, only one series (group) of AC input is pro- 
vided instead of the duplex AC input, and the total output 
of the AC/DC power supplies 300a is connected to the 
battery section 400. The output of this battery section is 
supplied to DC power supply line B and used as another 
total output. FIG. 13 shows a modified version of the em- 
bodiment shown in FIG. 12. In the modified version, the 
total output of the AC/DC power supplies 300a is deliv- 
ered to both the battery section 400 and power supply 
control logic section 600. In addition, a switching device 
is provided in DC power supply line B, which is connect- 
ed to the battery section 400. This switching device in- 
cludes a power MOS FET and is subjected to ON/OFF 
control by the power supply control logic section 600. 
The power supply control logic section 600 monitors the 
total output status; the logic section 600 makes the 
switching device turn ON only when the output of the 
battery section 400 is required, and otherwise, the 
switching device is kept OFF. 

[0067] While the present invention has been de- 
scribed in terms of embodiments, it should be under- 
stood that the invention is not limited to those embodi- 
ments and that variations may be made without depar- 
ture from the scope and spirit of the invention. 
[0068] Some of the advantages offered by the embod- 
iments of the present invention will now be described. 
[0069] A plurality of total line outputs are used as op- 
erating power for each load within a disk array device. 
Therefore, even if a certain total line output is lost due, 
for instance, to a failure, another total output is supplied, 
as operating power, to all loads within a disk array de- 
vice. The disk array device operation is therefore kept 
normal. 

[0070] Even if a short circuit or other power supply fail- 
ure occurs in the load such as the HDD, the failure is 
confined within the load in which the failure exists be- 
cause operating power is supplied independently for 
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each line (group). As a result, the fault does not affect 
the entire disk array device. 

[0071] Further, the fault can be confined within a sin- 
gle failed HDD. Therefore, the time required for data re- 
covery subsequent to failure recovery is no more than 5 
the time required for the recovery of one HDD. This elim- 
inates the need for using high-reliability parts that en- 
dure the period of data recovery for all the mounted 
HDDs. 

[0072] The HDD interface control circuitry, which is a 
load mounted on the motherboard, is duplexed and re- 
ceives operating power from total line outputs via 
DC-DC converters. Therefore, even if a failure occurs 
in one HDD interface control circuit, the DC-DC convert- 
er prevents the failure from spreading, thereby ensuring 
the normal operation of the remaining HDD interface 
control circuit. As a result, no problem arises in access- 
ing the HDDs mounted on the motherboard; therefore, 
there is no problem in the disk array device as a whole. 
[0073] A circuit board, on which HDDs, HDD interface 
control circuits, and other components are mounted as 
loads to which operating power should be supplied, has 
a DC-DC converter, which is to be connected to the pow- 
er input terminals of these loads. It is therefore possible 
to minimize the wiring distance between the power input 
terminals and DC-DC converter, thereby considerably 
reducing voltage drop and noise generation. The 
DC-DC converter can also follow up on load variation 
for each load, thereby minimizing the input voltage var- 
iation arising out of such load variation. 
[0074] Conventionally, when a power supply system 
failure occurred on, for example, a motherboard, data 
could not be saved onto a spare disk because the failure 
affected the entire housing. In one embodiment of the 
present invention, however, a failure occurring in the 
DC-DC converter is confined within the associate HDD 
so that no other components are affected. Therefore, 
data can be saved onto a spare disk. 
[0075] The control line for instructing power supply is 
connected to the DC-DC converter to make the DC-DC 
converter operative only after the HDD housing is prop- 
erly mounted to the motherboard. Therefore, the DC-DC 
converter does not operate until the HDD housing prop- 
erly is mounted to the motherboard and a power supply 
instruction signal is received. 

[0076] When the DC-DC converter starts operating 
and oscillating, the output voltage linearly builds up. As 
a result, it looks as if the inrush current to a HDD is in- 
hibited. It can therefore be said that the DC-DC convert- 
er has an inrush current protection function. Further, 
since only the input current limited by the DC-DC con- 
verter flows from tt\e AC/DC power supplies to the 
DC-DC converter, it becomes possible to supply stabi- 
lized voltage to the other loads to which the same total 
line output is supplied, and it is not necessary to furnish 
a dedicated circuit for inrush current protection. 
[0077] The output voltages of the AC/DC power sup- 
plies are set at a value greater than the regulated DC 



power supply's output voltage. In this way, the current 
flow and voltage drop in a power feed path between the 
AC/DC power supplies and DC-DC converter can be re- 
duced. Therefore, not only can the amount of noise gen- 
eration from the power feed path be reduced, but low- 
power-consumption, small-size, inexpensive parts can 
be used for the power feed path. 
[0078] As the inputs for the regulated DC power sup- 
plies, two lines (groups) of outputs, i.e., the first and sec- 
ond total line outputs, are used. When the first and sec- 
ond total line outputs are normal, the total line output 
connected to the backflow prevention diode having a 
low on-resistance is used as the regulated DC power 
supply's input. 

[0079] The system is configured so that a number of 
DC stabilized power supplies provided with the backflow 
prevention diode having a low on-resistance connected 
to the first total line output and a number of DC stabilized 
power supplies provided with the backflow prevention 
diode having a low on-resistance connected to the sec- 
ond total line output are substantially the same. This en- 
sures that the first and second total line outputs to be 
supplied to all regulated DC power supplies are equally 
distributed. 

[0080] When the AC/DC power supply outputs are 
substantially equalized in this manner, the input current 
for the AC/DC power supplies is about half (1/2) the total 
current consumption during a normal operation. As a re- 
sult, the amount of high-frequency noise generation 
from the AC/DC power supplies can be decreased. 
[0081] The output operations of the regulated DC 
power supplies provided for various loads, such as the 
HDDs, are individually controlled. More specifically, 
power feed control can be exercised individually for all 
HDDs, and stable output voltage supply can be provided 
by the regulated DC power supplies that are furnished 
individually for the HDDs. Therefore, when a load, such 
as a HDD, does not have to be operated, the output of 
a regulated DC power supply can be shut off as appro- 
priate with a control signal. 

[0082] Therefore, in estimating the capacity of the bat- 
tery section, which acts as an auxiliary power supply, 
conventionally, a large capacity used to be required for 
assuring the operations of all the HDDs within the hous- 
ing during, for instance, destaging. However, the 
present invention makes it possible to individually shut 
off the power supply output to loads that need not oper- 
ate. 

[0083] As a result, not only can the battery section ca- 
pacity be rendered smaller than before, but flexibility in 
setting can be increased. Therefore, the size, weight, 
and price of the disk array device can be reduced. 
[0084] For example, in case a power supply fails, after 
finishing a destaging process using the power supply 
from the battery section, the operation of each regulated 
DC power supply that is provided for outputting a supply 
voltage to the disk drive(s) for which the write process 
has been finished is stopped. This reduces the battery 
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where at least two AC/DC power supplies are 
connected to said AC input, outputs of each of 
said AC/DC power supplies are connected to 
provide a total output, and said total output is 
5 provided to a battery section as an input there- 

of, 

inputting said total output and an output of said 
battery section to each of a plurality of loads in 
said disk array device to provide power to each 
10 said loads. 

5. The device of claim 1 or the method of claim 3, 
wherein each of said loads is provided with a regu- 
lated DC power supply for generating a supply volt- 

15 age from said group total outputs. 

6. The device or method of claim 5, wherein said reg- 
ulated DC power supply is a DC-DC converter. 

20 7. The device or method of claim 5, wherein said load 
is a disk drive, and a housing containing said disk 
drive includes said regulated DC power supply. 

8. The device or method of claim 5, wherein an output 
25 voltage of said AC/DC power supply is higher than 

an output voltage of said regulated DC power sup- 
ply. 

9. The device or method of claim 5, wherein each of 
30 said group total outputs is made of a first group total 

output and a second group total output, 

each said DC stabilised power supply of each 
of said loads has a first backflow prevention device 
having a first turn-on voltage and a second backflow 

35 prevention device having a second turn-on voltage 
that is higher than said first turn-on voltage, 

one end of said first backflow prevention de- 
vice and one end of said second backflow preven- 
tion device in each said DC stabilised power supply 

to are connected to each other, and a number of DC 
stabilised power supplies in which another end of 
said first backflow prevention device is connected 
to said first group total output and 

a number of DC stabilised power supplies in 

45 which another end of said first backflow prevention 
device is connected to said second group total out- 
put are substantially the same. 



section's power consumption for the destaging process. 
[0085] The present invention can enhance the relia- 
bility of disk array devices. 



Claims 

1. A disk array device to which power is supplied by 
at least two AC inputs, comprising: 

at least two AC/DC power-supply groups pro- 
vided in correspondence with each of said AC 
inputs, each said AC/DC power-supply group 
including at least two AC/DC power supplies 
that are connected to the AC input correspond- 
ing to that group, wherein 
outputs from said AC/DC power supplies are 
summed separately for each group as group to- 
tal outputs, and 

said group total outputs are input to each of a 
plurality of loads in said disk array device to pro- 
vide power to each said loads. 

2. A disk array device to which power is supplied by 
an AC input, comprising: 

at least two AC/DC power supplies that are con- 
nected to said AC input, wherein outputs of 
each of said AC/DC power supplies are con- 
nected to provide a total output; and 
a battery section to which said total output is 
provided as an input thereof, 

wherein said total output and an output of said 
battery section are input to each of a plurality of 
loads in said disk array device to provide power to 
each said loads. 

3. A method of supplying power to a disk array device 
to which power is supplied by at least two AC inputs, 
said method comprising: 

where at least two AC/DC power-supply groups 
are provided in correspondence with each of 
said AC inputs and each said AC/DC power- 
supply group includes at least two AC/DC pow- 
er supplies that are connected to the AC input 
corresponding to that group, 
summing outputs from said AC/DC power sup- 
plies separately for each group to obtain group 
total outputs for each group; and 
inputting said group total outputs to each of a 
plurality of loads in said disk array device to pro- 
vide power to each said loads. 

4. A method of supplying power to a disk array device 
to which power is supplied by an AC input, said 
method comprising: 



10. The device or method of claim 5, wherein said reg- 
50 ulated DC power supply outputs said supply voltage 

to said loads in accordance with a control signal that 
is input to said regulated DC power supply. 

11. The device or method of claim 7, wherein, when a 
55 write process is performed to write data stored in a 

memory onto said disk drive in response to a write 
instruction received from an external host device, a 
power supply control circuit outputs a control signal 
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to stop the operation of the regulated DC power 
supply that is provided for outputting said supply 
voltage to said disk drive for which said write proc- 
ess has been finished. 
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